Site-directed and natural mutations in studying functional domains in guanylyl cyclase activating proteins (GCAPs).
Guanylyl cyclase activating proteins (GCAPs) are Ca2+-binding proteins of the EF-hand superfamily, through which the intracellular calcium regulates cGMP synthesis in vertebrate photoreceptors. GCAPs play an essential role in the calcium feedback mechanism that controls recovery and light adaptation of rods and cones. Moreover, mutations in at least one of the GCAPs have already been linked to two forms of congenital human retinal diseases. The GCAPs represent a separate small subfamily among the EF-hand proteins that are structurally similar to recoverin, but demonstrate a number of unique regulatory properties. When in the Ca2+-free conformation (as in light-adapted photoreceptors), GCAPs stimulate photoreceptor membrane guanylyl cyclase (retGC), but when the intracellular free Ca2+ concentrations ([Ca2+]free) rise (as in dark-adapted photoreceptors), GCAPs turn into retGC inhibitors. In GCAPs, site-directed mutagenesis has been successfully used to identify a number of structural elements that contribute to their specific function as guanylyl cyclase regulators. These elements include EF-hand Ca2+-binding loops and various other regions in the GCAP primary structure involved in multiple protein-protein interactions within the retGC/GCAP complex.